Allosteric aptamers: targeted reversibly attenuated probes.
Aptamers are unique nucleic acids with regulatory potentials that differ markedly from those of proteins. A significant feature of aptamers not possessed by proteins is their ability to participate in at least two different types of three-dimensional structure: a single-stranded folded structure that makes multiple contacts with the aptamer target and a double-helical structure with a complementary nucleic acid sequence. We have made use of this structural flexibility to develop an aptamer-based biosensor (a targeted reversibly attenuated probe, TRAP) in which hybridization of a cis-complementary regulatory nucleic acid (attenuator) controls the ability of the aptamer to bind to its target molecule. The central portion of the TRAP, between the aptamer and the attenuator, is complementary to a target nucleic acid, such as an mRNA, which is referred to as a regulatory nucleic acid (regNA) because it regulates the activity of the aptamer in the TRAP by hybridization with the central (intervening) sequence. The studies reported here of the ATP-DNA TRAP suggest that, as well as inhibiting the aptamer, the attenuator also acts as a structural guide, much like a chaperone, to promote proper folding of the TRAP such that it can be fully activated by the regDNA. We also show that activation of the aptamer in the TRAP by the complementary nucleic acid at physiological temperatures is sensitive to single-base mismatches. Aptamers that can be regulated by a specific nucleic sequence such as in an mRNA have potential for many in vivo applications including regulating a particular enzyme or signal transduction pathway or imaging gene expression in vivo.